The chemical composition of the oil of Chamaecyparis nootkatensis (D.Don) Spach. has been analysed by gas chromatography (GC) and gas chromatography coupled to mass spectrometry (GC-MS). A total of 34 compounds were identified representing more than 90% of the total oil. The oil was richer in monoterpenes than in sesquiterpenes, the major constituents being limonene (53.2%), δ-3-carene (21.0%) and α-pinene (12.2%). The antibacterial and antifungal activities of the oil were also tested against Candida albicans, Bacillus subtilis, Enterobacter aerogenes, Enterococcus faecalis, Escherichia coli, Micrococcus luteus, Pseudomonas aeruginosa, Salmonella sp. and Serratia marcescens. Only two of these, Bacillus subtilis and Candida albicans, were sensitive to the treatment, inhibition zones of 11 and 14 mm diameter being obtained, respectively. As far as we know, this is the first report of the antifungal and antibacterial activity of this species.
The genus Chamaecyparis Spach. belongs to the family Cupressaceae. It is a small genus that contains only a few species, wildly distributed throughout North America and Asia. C. nootkatensis (D.Don) Spach, commonly known as "yellow cedar", "Alaska cedar" or "yellow cypress", is native to North America, but also appears in other continents because of its frequent use as an ornamental plant. It is a tree that grows to 40 m, but can be dwarfed at high elevations. The wood has been traditionally used to elaborate ceremonial masks, paddles, dishes, clothing and blankets. Nowadays it is used in boat building [1, 2] . Other species belonging to the Cupressaceae family have been used for the treatment of neuralgia and as a diuretic and aphrodisiac in traditional folk medicine in Korea, China and Japan [3, 4] . In Spain it has been widely cultivated and it is a very common garden plant [5] . _____________ ** Part of this paper has been presented as a poster at the 39 th International Symposium on Essential Oils, Quedlinburg (Germany), September 7-10 2008. In spite of the wide distribution of this genus, there are only a few references about it, most of which relate to the toxicity, antibacterial and antifungal activity of its constituents. The essential oil of C. lawsoniana Parl., commonly named Port Orford cedar, was evaluated for its possible dermal toxic effects on mice and rabbits; concentrations of 0.5%, 5% and 50% did not show any positive effects [6] . The content of (-)-yatein was determined in different species of Cupressaceae. This lignan was more abundant in the leaves than in the twigs, although the Chamaecyparis species evaluated [C. obtusa Seibold & Zucc., C. pisifera (Siebold & Zucc) Endl. and C. pisifera var. filifera (Siebold & Zucc) Endl.] showed the lowest concentration of this compound (0.03-0.34 mg g -1 ) [4] . The antibacterial activity of other species of this genus has also been reported. The diterpenes extracted from C. pisifera showed antibacterial activity against the Gram-positive bacteria Staphylococcus aureus and Bacillus subtilis [7] . The neutral wood oil extracted from C. obtusa yielded a new chemical substance, yoshixol NPC Natural Product Communications 2009 Vol. 4 No. 7 1007 -1010 (4,4- dimethyl-6-methylene-2-cyclohexen-l-one). Both, the essential oil and the synthesized compound showed strong antibiotic effects on Staphylococcus aureus. Yoshixol also showed strong antibiotic effects on Escherichia coli, Mycobacterium chelonei, Pseudomonas aureginosa and Candida albicans [8] . The essential oils from the leaves of this species contained α-terpinyl acetate (13.8%), sabinene (13.6%) and bornyl acetate (10.9%) as their main constituents. This oil showed antibacterial and antifungal activity against Legionella anisa, Listeria monocytogenes, Staphylococcus aureus and Candida albicans [9] . Recently, the oil of C. obtusa has been analyzed again with similar results; the main constituents were α-terpinyl acetate (13.7%), sabinene (11%) and isobornyl acetate (8.9%), and the oil also showed relatively strong antibacterial activity against Gram-positive bacteria and some fungi [10] .
A recent publication, which deals with the definition of a new genus, mentions the composition of Xanthocyparis nootkatensis, which appears to be a new name for C. nootkatensis. The main components were identified as limonene (35.4-42.4%), δ-3-carene (11.5-23.4%), α-pinene (8.7-16.3%) and nezukol (3.3-4.8%) [11] . In the present study, we contribute to the knowledge of the essential oils of C. nootkatensis, comparing our results with those previously reported. As far as we know, this is the first time that the antibacterial and antifungal effects of this species have been reported.
The volatile components identified from the essential oil of C. nootkatensis, their retention indices, and their percentage composition are summarised in Table 1 , where all the compounds are arranged in order of their elution from the DB-1 stationary phase. A total of 34 terpenoids, including monoterpenes, sesquiterpenes and diterpenes were identified, representing more than 90% of the total oil. The monoterpene fraction was the most abundant with a percent composition of 97.1%. The principal compounds identified from the oil were limonene (53.2%), δ-3-carene (21%) and α-pinene (12.2%).
Our results are in good agreement with those previously reported. In comparison with C. obtusa [9, 10] , both species showed a very low number of compounds: 24-42 in the case of C. obtusa and up 34 in C. nootkatensis. The monoterpene fraction was also the most abundant of C. obtusa oil, with 2-3 monoterpenes as the major components, which represented more than 70% of the total oil. Although the chemical composition is not very complex, differences between species were detected. We did not detect elemol in the oil of C. nootkatensis, although this compound is a constituent of C. obtusa (4.6-6.9%) oil; α-terpinyl-acetate was not a major component of C. nootkatensis oil (13.7% in C. obtusa); δ-3-carene was one of the main components of C. nootkatensis essential oil (21.0%), but was not detected in the other species; one compound, limonene, constituted 50% of the essential oil of C. nootkatensis ( Table 1) .
The results previously reported for C. nootkatensis or Xanthocyparis nootkatensis [11] are very similar to ours. We have found the same principal compounds, limonene, δ-3-carene and α-pinene, and with similar percentage compositions. However, it is worth noting Essential oil of Chamaecyparis nootkatensis Natural Product Communications Vol. 4 (7) 2009 1009 Table 2 : Antimicrobial activity of the essential oil of Chamaecyparis nootkatensis.
Inhibition zone (mm) Microorganims
Measure 1 Duplicate Bacillus subtilis 11 11
Candida albicans 14 14 that we did not detect any of the diterpenes mentioned for this species [isoprimara-9(11),15diene, pimaradiene, sadaracopimara-8(14),15-diene, isophyllocladene, phyllocladene, nezukol, and phyllocladanol] [11] . These differences could be caused by the extraction method or to the variabiliy of this species growing in different continents.
When C. nootkatensis oil was tested for its antibacterial and antifungal activities ( Table 2) , only two of the microorganisms tested were susceptible to the treatment. One of the Gram-positive bacteria and the fungus tested had their growth reduced, with inhibition zones of 11 and 14 mm, respectively. The essential oil did not show any effect against the Gram-negative bacteria. Although the dimensions of the inhibition zones previously reported for other species of Chamaecyparis were similar, the essential oils of C. obtusa and C. pisifera showed an effect on a higher number of microorganisms [7] [8] [9] [10] . Therefore, the oil of C. nootkatensis can not be considered as a good antibacterial agent.
Finally, it could be interesting to compare the essential oil composition of this population during the year. We have previously reported seasonal variation in the essential oil of other species [12, 13] ; such variation could affect the antibacterial and antifungal activity of the oil. It could also be useful to compare the differences in chemical composition between wild and garden populations.
Experimental
Plant material: Young stems and leaves of Chamaecyparis nootkatensis were gathered at the "Real Jardín Botánico Alfoso XIII", Madrid (Spain) on 12 th February, 2007. A voucher specimen has been lodged at the Herbarium of the Faculty of Biology, Complutense University, Madrid, Spain.
Isolation of volatile oil:
Essential oil from the gathered material of C. nootkatensis was isolated by steam distillation for 8 h. according to the method recommended in the Spanish Pharmacopoeia [14] . The oil was dried over anhydrous magnesium sulfate and stored at 4ºC in the dark. This species yielded 0.7% of yellow pale oil, based on fresh weight.
Gas chromatography (GC):
GC analysis was carried out on a Varian 3300 gas chromatograph fitted with a fused silica methylsilicone DB-1 column (50 m x 0.25 mm, 0.25 μm film thickness). Temperature was programmed from 95º-240ºC at 4ºC min -1 . Injection was performed at 250ºC in the split mode (1:100). Nitrogen was used as carrier gas (1.5 mL min -1 ). FID was set at 300ºC. Injection volume for all the samples was 0.1 μL of pure oil.
Gas chromatography-mass spectrometry (GC-MS):
GC-MS analyses were carried out on a Hewlett-Packard 6890 gas chromatograph coupled to an Agilent 5973 quadrupole mass spectrometer detector. Chromatographic separations were performed on a fused silica methylsilicone SE-30 capillary column (50 m x 0.22 mm, 0.25 μm film thickness). Column temperature was programmed from 70º-220ºC at 4ºC min -1 , and helium at 1 mL min -1 was used as carrier gas. Mass spectra were recorded in electronic impact (EI) mode at 70 eV, scanning the 35-450 m/z range. Interface and source temperature were 280ºC and 230ºC, respectively.
Qualitative and quantitative analyses:
Most constituents were tentatively identified by GC by comparison of their retention indices with those of authentic standards either available in the authors' laboratory or with retention indices from references [15] [16] [17] [18] [19] . Confirmation was achieved by GC-MS: the fragmentation patterns of the experimental mass spectra were compared with those stored in the spectrometer data base using the WILEY.L built-in library. Other constituents were either synthesised or identified from oils of known composition. Semiquantitative analysis was carried out directly from peak areas in the GC profile. Salmonella, and Serratia marcescens, and against the fungus Candida albicans. These activities were determined using the agar diffusion method. Filter paper discs (9 mm in diameter) were impregnated with 10 μL of pure essential oil. The bacteria and fungus were inoculated in Petri dishes from tubes adjusted to the 0.5 MacFarland Standard. All assays were carried out in duplicate. The Petri dishes were refrigerated (4°C) for 30 min to facilitate the diffusion of the essential oil into the medium before incubation. They were subsequently incubated at 37°C for 24 h in the case of the bacteria, while the fungus was cultured at 30°C for 24 and 48 h. After incubation, the growth inhibition rings were quantified by measuring the diameter of the zone of inhibition in millimetres (including the diameter of the disc) from the lower surface of the Petri dishes.
